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HISTOCHEMICAL STUDIES OF OXIDATIVE ENZYMES TN
APOCRINE-LIKE CELLS OF THE BREAST AND IN
AXILLARY APOCRINE GLANDS*
GILLES TREMBLAY, MD.
Epithelial cells with a granular, pale, aeido-
philic cytoplasm are often present in human
mammary glands, especially in eases of chronic
cystic mastitis (1). Among the many theories
proposed for the nature of these cells, the most
widely accepted is that the "pale epithelium"
results from a metaplastie transformation of
the mammary epithelial cells into apocrine
glandular tissue (1, 2). This View is based on
the similarity of the morphologic appearance
and staining properties of the "pale epi-
thelium" and the apocrine sweat glands (1, 2).
The present work is a comparative histochem-
ical study of the activity of four oxidative
enzymes in apocrine glands and in apoerine-
like epithelium of the breast.
MATEnIAL5 AND METHODS
For the study of apocrine sweat glands, strips of
axillary skin were obtained surgically from eight
adult patients subjected to lymph node biopsy
for axillary adenopathy of various causes. In addi-
tion, pieces of skin from the apex of the axilla
were obtained from fourteen autopsy cases within
3 hours and 30 minutes after death.
The material for the study of the apocrine_like
epithelium consisted of thirty-nine specimens of
fibrocystic disease of the breast. Small fragments
were cut from these specimens immediately after
surgical excision; and attempt was made to in-
clude in these fragments small pinkish and
bluish, frequently cystic, areas, since such lesions
have been shown to contain apocrinc-like cells
(1).
The fragments of skin and of breast tissue were
frozen with dry ice and S-je sections were cut in
a cryostat. Reduced nicotinamide adenine dinu-
clcotidc (NADU) diaphorase, reduced nicotin-
amide adenine dinucleotide phosphate (NADPII)
diaphorase, and succinic dehydrogenase were deter-
mined, using nitro blue tetrazolium (NBT) or
thiazolyl blue (MTT) as final electron acceptors
(3). The activity of succinic dehydrogenase was
also studied by the technique of Wattenberg and
Leong (4), in which mcnadione is added to the
incubating medium. For the demonstration of
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cytochrome oxidase the modified Nadi reaction of
Burstone was used, with N-phcnyl-p-phenylenedia-
mine and a naphthol as reagents (5). Cytochrome
C in a final concentration of 0.2 mg per ml was
routinely added to the incubating medium (6).
RESULTS
1. Sweat Glands
As the axillary skin contains eccrine as well
as apoerine sweat glands, it was possible to
study the enzymatic pattern of both types of
glands comparatively, in the same sections.
NADH diaphorase. The tall epithelial cells
lining the apocrine glands showed a high ac-
tivity of NADH diaphorase (Fig. 1). The
deposits of formazan were abundant and dis-
tributed throughout the cytoplasm of the cells
(Fig. 2); however, in the apical region oc-
casional cells showed small non-reactive areas
that corresponded to yellowish granules present
in the cytoplasm. Intense enzyme activity was
constantly displayed by the columnar and the
cuboidal cells; but whenever the glands became
dilated and the epithelium flattened, the re-
action was weaker and at times very faint
(Fig. 3). The slender myoepithelial cells
situated beneath the secretory cells were non-
reactive (Fig. 2). The amorphous secretory
material in the lumen of the glands was al-
ways negative.
The eecrine sweat glands exhibited less
NADH diaphorase activity than the apocrine
glands (Figs. 1, 4). Moreover, the degree of
activity was different in the two portions of
the eccrine sweat glands, the secretory portion
being moderately active (Fig. 4) while the
secretory duct gave only a weak reaction,
save for the apical region of the internal layer
of cells, which stained intensely (Fig. 5).
NADPH diaphorcse. The pattern of
NADPH diaphorase activity in both types of
sweat glands was similar to that of the
NADH diaphorase, but the reaction was gen-
erally slightly less intense (Fig. 6).
Succinic dehydroqencse. The distribution
of succinic dehydrogenase differed markedly
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from that of the diaphorases, the enzymatic
activity being stronger in the ecerine glands
than in the apocrine glands (Fig. 7). The
most intense reaction was observed in the ex-
cretory duets of the ecerine glands, heavy de-
posits of formazan being distributed through-
out the cytoplasm of the lining cells. In the
secretory portion of the eccrine glands the
staining was moderately intense. In contrast,
the apocrine glands revealed a weak reaction.
The addition of menadione notably enhanced
the staining in both types of glands, but the
reaction remained proportionally much stronger
in the cccrine glands than in the apocrinc glands.
Cytochrome oxidase. The pattern of distri-
bution of cytochrome oxidase was comparable
to that of succinic dehydrogenase, the en-
zymatic activity being more intense in the
eccrine glands than in the apocrine glands
(Fig. 8).
2. Mammary Glands
Apocrinc-like epithelium was found in
twenty-seven of the thirty-nine specimens of
fibrocystic disease of the breast studied.
NADH diaphorase. The apocrine-like cells
in the mammary tissue showed a strong ac-
tivity for NADH diaphorase (Figs. 9, 10, 11,
15), the intensity of the reaction being com-
parable to that described in the apocrine
gland of the skin. This strong reaction was
constantly observed whenever the pale epi-
thclium was tall or cuboidal and irrespective
of whether the cells were disposed regularly or
formed papillary projections (Figs. 11, 15).
However, when the lining epithelium was low
or flattened, the staining became weaker and
was at times faint.
The activity of NADH diaphorase in the
mammary ducts and acini showed some varia-
tions and ranged from weak to moderate
(Figs. 9, 10, 15). These variations were es-
pecially observed in areas of adenosis (Fig.
10). However, the intensity of the reaction in
both acini and ducts always remained well
below that observed in the pale epithelium.
NADPH diaphorase. The pattern of dis-
tribution of NADPH diaphorase in the breast
tissue was similar to that of NADH diaphorasc,
although the reaction was in general slightly less
intense (Fig. 14).
Succinic dehydrogenase. The reaction for
succinic dehydrogcnase was weak in the
apocrine-likc cells. In the mammary acini and
ducts, the enzyme activity was usually weak,
although it occasionally reached a moderate
degree in ducts, particularly in areas of
adenosis. The addition of mcnadione to the
incubating medium slightly enhanced the ac-
tivity of succinic dchydrogenasc in all these
structures (Figs. 12, 16).
Cytochrome oxidase. The distribution of
cytochromc oxidase resembled that of succinic
dehydrogcnasc, being generally weak in the
mammary acini and ducts and in the apocrine-
like cells. When cytocbrome C was added to
the incubating medium the activity was in-
creased, but only moderately (Fig. 13).
DI5U55ION
In recent years histochemical studies have
revealed striking differences between the en-
zymatic pattern of the secretory segment of
cccrine sweat glands and that of apocrinc
glands. For instance, eccrine sweat glands con-
tain a high activity of amylophosphorylase
and branching enzyme, but apocrine glands
are non-reactive (7, 8). In addition, the ac-
tivity of leucine aminopeptidase, succinic
dehydrogcnase, and cytochromc oxidase is
higher in eccrine than in apocrine glands
(7—10). Conversely, acid phosphatase and
csterascs are more active in apocrine than in
eccrinc glands (7, 8). Recently, Bicmpica and
Montes (11) have demonstrated the presence
of NADH tctrazolium reductase (diapborase)
and NADIPH tetrazolium reductasc (diaph-
orase) in the axillary apocrine sweat glands,
but no comparison was made as regards the
activity of these enzymes in cccrine sweat
glands.
The present study confirms that the ac-
tivity of succinic dehydrogcnasc and cyto-
chrome oxidasc is stronger in eccrine than in
apocrinc glands. Furthermore, NADH diaph-
orase and NADFH diaphorase were found to
react more intensely in apocrinc than in cc-
crine glands, thus revealing an additional dif-
ference in the enzymatic pattern of these two
types of glands.
In the breast tissue affected by cystic dis-
ease, both the apocrine and the mammary epi-
thelium showed a low activity of suecinic
dehydrogenase and of cytochrome oxidase. How-
ever, apocrine-like cells were shown to differ
from the prevalent mammary epithclium of
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FtGS. 1 to 8. Enzymatic activity in sweat glands of axillary skin
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the ducts and acini in being much richer in
NADH diaphorase and NADPH diaphorase.
The enzymatic pattern of the apocrine-like
cells in the breast tissue was, therefore, strik-
ingly similar to that of tbe axillary apocrinc
glands, both structures showing a high ac-
tivity of NADH diaphorase and NADPII
diaphorase and a low activity of succinic de-
hydrogenase and cytochrome oxidase.
Apocrine-like cells are a frequent finding in
breast tissue. Dawson found the "pale epi-
thelium" in a great majority of carcinoma-
tous hreasts and in every case of cystic dis-
ease studied (12). Similarly, Higginson and
McDonald identified this type of epithelium
in three-fourths of ninety-seven specimens of
breast tissue resected for various pathological
conditions and in all the specimens of chronic
cystic mastitis they examined (1). Mammary
carcinoma composed of apocrine-like cells are
also occasionally encountered (13). The nature
and the biological significance of these cells
have been the object of various theories. Daw-
son (12) proposed that the pale change indi-
cates a degeneration of the mammary epi-
thelium supervening on an earlier epithelial
proliferation. More recently, Fasanotti (14)
suggested that the apocrine-like cells represent
an oncocytic transformation of the mammary
epithelium. Oncocytic transformation can af-
fect various types of epithelial cells and is
characterized histologically by the appearance
of numerous acidophilic granulations in the
altered cells (15). Recent histochemical and
electron microscopic investigations have re-
vealed that oncocytes possess the constant
features of being extremely rich in mito-
chondria and of containing a high activity of
oxidative enzymes, including succinic dehy-
drogenase and cytochrome oxidase (16, 17).
Although the apocrine-like cells of the breast
bear a superficial resemblance to oncocytes, the
finding of a low activity of succinic de-
hydrogenase and cytoehrome oxidase in these
cells precludes their classification as oncocytes.
The prevalent theory on the significance of
apocrine-like cells is that they represent a
metaplastic transformation of the mammary
epithelium into apocrine tissue (1, 2).
Embryologically, the mammary epithelium
and the epithelium of apocrine glands both
arise from primitive sweat gland epithclium
(2). Indeed, the mammary glands can be re-
garded as modified and specialized sweat
glands of the apocrine type (18). Thus, it does
not appear unreasonable to suggest that the
mammary epithelium possesses the potential-
ity to undergo a metaplastic transformation
into apocrine glands. The main evidence in
favor of the view that apoerine-like cells rep-
resent a metaplastic transformation of the
mammary epithelium is the similar histologi-
cal appearance and staining properties of the
two structures. By showing that the axillary
apocrine gland and the mammary apocrine-
like cells also share a similar distribution of
four oxidative enzymes, the present study adds
further support to this theory.
Fin. 1. NADH diaphorase activity. An apocrine sweat gland gives an intense reaction(lower half of the picture), while an eeerine sweat gland is only moderately active (upper
half of the picture). The positive structure in the lumen of two apocrine segments are
cells detached during the preparation of the section. X 100.
Fin. 2. NADH diaphorase activity in an apocrine gland at higher magnification. The
deposits of formazan are densely distributed throughout the cytoplasm of the apocrinc
cells. The myoepithelial cells are non-reactive (arrows). X 525.
Rio. 3. NADH diaphorase activity in an apocrine gland. In dilated segments, the
apocrinc cells are flattened and the reaction ranges from moderate to faint. Two segments
are undilated and react strongly. X 30.
Fin. 4. NADH diaphorase reaction. Two secretory segments of an eccrinc gland arc
moderately active, but the portion of apoerine tubule in the upper part of the picture
reacts more strongly. X 210.
Fm. 5. NADH diaphorase in an excretory duct of an cccrine gland. The ductular cells
show a weak reaction save for the apical region of the internal layer, which stains intensely.
X 320.
Fm. 6. NADPH diaphorase in an apocrinc gland. There is a strong enzymatic activity
in the apocrinc cells; the myocpithclial cells are non-reactive. )< 210.
Fm. 7. Suceinic dchydrogcnase activity. An ecerinc sweat gland is intensely active (left
half of the picture), whereas an apocrinc gland reacts weakly (right half of the picture). In
the eccrine gland, the reaction is particularly intense in the excretory ducts. X 80.
Fm. 8. Cytochromc oxidasc activity. An apocrinc gland reacts weakly, but the excretory
duct of an eccrinc gland shows an intense reaction. )< 80.
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FIGS. 9 to 16. Enzymatic activity in breast tissue
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SUMMARY
The histoehemical distribution of suecinic
dehydrogenase, eytoehrome dxidase, NADH
diaphorase, and NADPH diaphorase was stud-
ied comparatively in axillary apoerine sweat
glands and in the "pale epithelium" of mam-
mary tissue, in eases of cystic disease of the
breast. The apoerine gland and the "pale epi-
thelium" were found to contain a high ac-
tivity of NADH diaphorase and NADPH
diaphorase and a low activity of suceinie de-
hydrogenase and eytoehrome oxidase. This
finding of identical distribution of four oxi-
dative enzymes in both structures supports
the view that the "pale epithelium" repre-
sents a metaplastie transformation of the
mammary epithelium into apoerine glandular
tissue.
Fm. 9. NADH diaphorase activity. Two duetular structures lined with apoerine-like cells
give an intense reaction, in contrast with the weak reaction seen in a mammary lobule.
X 100.
Fia. 10. NADH diaphorase reaction in an area of adenosis and cystic disease. The
ductular structures lined with apoerine-like cells are strongly reactive; the distorted
mammary lobules with dilated duetules show a weak to moderate reaction. X 45.
Fin. 11. NADH diaphorase activity. A cyst lined with hyperplastic apoerine-like
epithelium with papillary formation shows a strong reaction. X 210.
Fm. 12. Suecinic dehydrogenase activity in cystic disease. Portions of cysts lined with
hyperplastie apocrine-hke cells exhibit a weak reaction. X 100.
Fio. 13. Cytochrome oxidase activity. The apocrine-hke cells lining a cyst react weakly.
X 210.
Figs. 14 to 16 represent enzymatic reactions in successive sections from the same block of
mammary tissue.
.
Fro. 14. NADPH diaphorase activity. Two cysts lined with apocrme-hke cells react
strongly, while a mammary duet shows a weak reaction. X 50.
Fm. 15. NADH diaphorase activity. The pattern of the reaction is similar to that in
Fig. 14, but the staining is slightly more intense. X 50.
Fm. 16. Suecinie dehydrogenase activity. The apocrine-bke cells lining the cysts react
weakly. and the epithelium of the mammary duet stains moderately. 1< 50.
